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ABSTRACT 

0,0'-DIethyldlthiophosphatotrlphenyltin(IV),  C2^H,^02S^Sn,  crystallizes 

in  the  trlcllnlc  space  group  pT  with  a=12. 647(7),  b-9. 961(3),  c-9.437(3)A, 

a  -  98.59(3)%  t?  -  91.51(4)%  /-  96.12(4)%  V  -  1173p,  Z  -  2,  p  ,  -  l.63g.n"^ 

^  calc 

at  138K.  The  structure  was  determined  by  the  heavy  atom  technique  from  4838 
reflections  measured  at  138+2K  on  an  automatic  diffractometer  using  monochromated 
Mo-K^  radiation,  to  a  final  R-value  of  0.039.  The  molecule  contains  a  four- 
coordinated  tin  atom  and  a  monodentate  dlthlopbosphatc  ligand,  an  unusual  example 
of  a  dithiophosphate  ligand  which  is  neither  chelating  nor  bridging. 
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In  the  first  paper  of  this  series  we  described  the  preparation  of  a  series 
of  triorRanot  in  dithlophosphate  esters,  R^SnSp(OK' ) 2  •  '■^•err  R  “ 

C,H,— ,  and  their  characterization  bv  Infrared,  nmr,  mass  and  ^^^Sn  Mttssbauer 

O  J 

spectroscopies.'  These  compounds  have  practical  Importance  since  they  are  a 

2 

combination  of  the  powerful  trlorRanotin  biocides'"  with  the  well-known  orRano- 

phosphorus  biocides.  ComblnlnR  the  dual  biocidal  activities  In  a  slnRle  molecule 

could  produce  .1  potent  and  lastlnR  effect,  while  retardliiR  the  development 

3 

of  tolerance.  The  systems  are  also  of  interest  structurally  since  the  dithlophos¬ 
phate  ester  ligand  can  potentially  adopt  a  mono-or  bidentate  configuration,  the 
latter  in  a  monomeric  chelate,  a  bridged,  associated  oligomer  or  one-dimensional 
polymer. 

•  4 

The  title  compovind,  0,0  -d  let hyld I th iopliospluatot  r  Iplieny  1 1  in (1 V)  ,  was 

synthesized  by  the  action  of  trlphenyltln  chloride  on  the  sodium  salt  of  dlethyl- 
dlthlophosphor Ic  .acid  in  eth.-inol: 


(C^H,,)^SnCl  +  NaSP(OC^H^)^ 


601 


"e  5'3‘ 


(C^ll,.)^SnSr(OC2H5) NaCl 


(1) 


or  by  the  action  of  the  organotln  hydroxide  on  the  free  acid  In  ethanol: 


5  go  S 

(C^H^)jSnOH  ■tHSp(0C^H^)2 - (C^H,. )  ^SnSr(0C2H^)  2  +  ll2i^ 


(2) 


The  white  crystalline  product  which  melts  at  lOS'C.  w.is  subjected  to  NOssbauer 

study.  Tlie  Isomer  shift  (IS  «  1.26*0.02  mm/s)  and  quadrvipole  splitting 

(QS  ■  2.08i0,03  mm/s)  values  specify  a  four-coordln.«ted  sltii.it  Ion  at  tin.  and 

this  is  corroborated  by  the  magnitude  of  the  slope  of  the  temperature  dependence 

-1  _1 

of  the  area  under  the  resonance  (-1.43  x  10  "K  between  77  and  ISOR)  end  the 
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charactor Istlc  Mbssbauer  temperature,  0„t  of  113K  which  lie  In  a  range  usually 

n 

associated  with  mi>noraeric  systems^  (tetraphenyltin,  for  example,  whose  resonance 

6  -2-1 

has  been  recorded  at  ambient  temperatures,  exhibits  a  slope  of  -1.659  x  10  K 

and  0  ■  104K^’^).  Finally,  a  treatment  of  the  MHssbauer  and  low-energy  Kaman  spectr 
M 

g 

based  upon  the  effective  vibrating  mass  model  developed  by  Herber  yields  a  unit 
molecularity  for  the  Intermolecular ,  intra-unit  cell  lattice  mode  observed  at 
34  cm  ^  in  the  Ratmin  spectrum.  ^ 

The  predicted  roonodentate,  monomeric  configuration  would  be  rare  among 

q 

dlthlophosphate  derivatives  ,  and  so  it  was  decided  to  seek  verification  through 


a  single-crystal  X-r.ay  diffraction  study.  We  report  the  results  in  this  paper. 
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Crystal  Data.  Colorless,  prisnu\tic  crystals  of  the  title  compound  were 
obtained  by  slow  evaporation  of  a  benzene  solution,  and  were  stable  to  both 
atmospheric  moisture  and  X-rays.  A  crystal  of  approximate  dimensions 


0.4  X  0.4  X  0.2  mm  was  mounted  on  a  glass  fiber  and  used  for  the  determination 


of  the  initial  cell  parameters  and  subsequent  data  collection. 

The  space  group  was  determined  by  dif fractometry  studies  to  be  triclinlc,  PI. 
Cell  dimensions  were  determined  by  l®*8t-squares  from  the  +26  and  -20  values  of  38 


reflections  spaced  throughout  reciprocal  space.  All  measurements  were  performed 
on  an  Enraf  Nonius  CAD-4  automatic  counter  diffractometer  controlled  by  a 
PDP  8/e  computer  and  fitted  with  a  low  temperature  device.  Crystal  data  are 
listed  in  Table  1. 


Collection  and  Reduction  of  Intensity  Data.  Intensities  of  all  reflections 
with  20l53®  were  measured  at  138±2K  on  the  above-described  diffractometer  using 
0-20  scan  techniques  with  variable  scan  rates  (v)  using  monochromated  Mo-K^ 
radiation.  The  angular  scan  width  was  also  variable  and  was  obtained  from 
(A  +  BtanO)®  for  each  reflection,  where  A  and  B  were  taken  as  0,8  and  0.08.  A 
receiving  aperture  with  a  variable  width  of  (5.00  +  O.86tan0)  nan  and  a  constant 
height  of  6  mm  was  located  at  a  distance  of  173  mm  from  the  crystal.  The  maximum 
scan  time  for  a  reflection  was  60«.  For  each  reflection,  two-thirds  of  the 
scan  time  was  spent  scanning  the  peak  (P)  and  one-sixth  of  the  time  scanning  each 
of  the  right  and  left  backgrounds  (LB  and  RB).  The  unsealed  Intensity  was  calculated 
as  I  •  [P-2(LB  +  RB) ] .  These  were  then  scaled  according  to  their  scan  rate. 

Reflection  (135)  was  used  as  a  standard,  and  its  intensity  was 
monitored  every  20  measurements.  Fluctuations  in  the  Intensity  of  the  st.and.ard 
were  within  3S  for  most  (66%)  of  the  data,  tlie  maximum  f  luctii.at  ion  over  all  data  being 
6X  .  Three  orientation  control  reflections  were  centered  after  every  200 
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obsorvat  Ions.  In  caso  of  any  angular  change  greater  than  0.2“,  a  new  orientation 

matrix  was  automatically  deterniined  from  a  list  of  11  reflections.  In  all,  A838 

independent  reflections  were  measured,  348  of  which  were  considered  Indist Inguish- 

1  /2 

able  from  background  ll''2o(l)]  and  were  assigned  an  intensity  equal  to  1 . 4T  “ , 
where  T  -  (P+2 (L8+RB) ) . 

The  structure  factors  for  each  reflection  were  assigned  a  weight  given  by 
u)j,“^/jp2,  where  is  defined  by 


,^+(0.04Ia0',  ,,, 

and  o«  V  and  ^  is  the  product  of  the  Lorentz  and  polarization  factors. 

All  intensity  data  were  scaled  by  a  standard  reflection  and  Lorentz  and  polariza¬ 
tion  corrections  were  applied.  Because  of  the  relatively  cubic  shape  of  the  data 
crystal  and  the  low  u  value  (13.49  cm  S.  no  absorption  correction  was  applied. 
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Structure  Detyrmlnat io»  and  Roftnoment 

The  position  of  the  tin  atom  was  determined  from  a  tltree-dimensional 
Patterson  nuip.  Structure  factors  calculated  witli  tlia  tin  parameters  gave  an  K  fintor 
(R“i' I  !  kFo  l-li’o  1  1 /“  I  kFo  I  )  of  0.  SO  for  all  reflections.  Tlie  parameters  of  ti»e  tin 
atom  were  refined,  and  a  difference  Fourier  map  was  calculated  using  the  iu-avy-atoni 
phases.  From  ti>e  difference  map  all  non-hydrogen  atom.s  were  easily  located.  Tliese 
atoms  were  first  refined  isotropically  then  with  anisotropic  thermal  parameters 
to  an  R  factor  of  0.052  for  all  4838  reflections  by  using  a  block-diagonal  least- 
squares  program. A  difference  Fourier  nu»p  calculated  at  this  stage  revealed  all 
hydrogen  atom  positions  except  those  bonded  to  tite  terminal  carbon  of  the  aliphatic 
group,  whici>  appeared  as  highly  diffuse  peaks,  presunutbly  due  to  high  thcmcil  motion. 
Hydrogen  parameters  were  refined  isotropically.  Refinement  was  discontinued  wlien 
the  maximum  parameter  shift  for  all  non-hydrogen  atoms  was  less  than  one-third 
of  the  corresponding  standard  deviation.  The  final  K  factor  is  0.034  for  tlte 
4453  reflections  that  were  included  in  tlte  least-squares  calculations,  and  is 
vl.039  for  all  4830  reflections. 

In  all  least-squares  refinements  the  quantity  i:u'p(|kFo|-  i  F^  |  )‘^  was 

minimized,  where  is  as  defined  above.  The  scattering  factors  for  Sn,  P,  S 

and  C  atoms  were  taken  from  ref.  11  and  those  for  the  hydrogen  atoms  from 

ref.  12.  An  analysis  of  the  function  .0j,,(k|F,  |-  |f^|)“  vs.  |  F,  |  and  sin‘0 

showed  no  significant  variation  of  the  average  values  of  i;w„AF‘  for  various 

r  — 

2 

ranges  of  £»  and  sin'O,  demonstrating  the  validity  of  the  weighting  scheme 
used . 

The  final  atomic  parameters,  both  positional  and  thermal,  are  listed  in 
Tables  11^  III  and  TV.  Atomic  number  schemes  followed  in  these  listings 
are  Identified  in  Figure  I.  Hvdrogen  atoms  in  Table  II  are  numbered  according  to  the 
atoms  to  which  they  are  bonded.  Interatomic  bond  distances  and  angles  calculated 
from  the  final  parameters  are  given  in  Table  V.  Table  VI  lists  th<*  shortest 
non-bonding  distances  in  the  asymmetric  unit  shown  in  Figure  1. 


Dt'script  ion  and  Di>u'_^ss  inn  I'l  j  lu^St  i  lu- 1  in_i‘ 

Tho  prediction  based  upon  i  be  lin-ll^m  Mvissbaner  IS  ajui  's'S  data,  the  sl.'pe 
of  tbe  plot  ot  the  area  \nuier  tin*  resonance  curve  vs.  temper.it  iirei  mole- 

cnlarltv  ot  t  be  vibrating  unit  t  rom  tlie  eftective  vibrating  mass  model  in;in); 
low-ener>tv,  lattice-modi*  K.im.u>  d.it.i,  is  borne  out  in  the  monomeric  nn'lecule 
shown  in  Fixture  1  wliicli  cont.iins  .i  tour-coord  in.it  ed  tin  .iti'm  and  a  monv’dent  .it  e 
d  it  ti  iophosph.it  e  li^.ind.  Tlie  distance  trom  tin  to  the  non-l’onded,  Inrr.imo  lecul.ir 
.Hultur  atom  is  S.  T'**'  Bhortest  fnt  ernolocular  dlst.ince  is  b .  S^AlSn-S  t  H  1  • 

O 

while  Intermolecular  cont.icts  to  1’.  tUn  and  0(..M  are  all  in  excess  ot  t».\. 

The  sit  inp,  ol  the  molecules  in  the  unit  cell  is  shown  in  I’ipure  J.  So  t.ir  .is  we  .in- 
aw.ire,  onlv  the  t  »'t  r.ipon.i  I  pvr.imld.il  .uhiuct  ol  N  i  [  S  ,T  t'^'t’l' jK  1  j  with  J  ,  *>-d  imet  hv  1  - 1  ,  U'- 
phenant  hrol  ine  h.is  been  showni  to  contain  a  r.K'nodentate  dit  hiopliospUate  Ixtaiiid. 
Curiously,  the  parent  I  ,  li1-nhen.int  hro  1  ine  complex  is  hexacoord  iuat  ed  with  bi'th 
d  i  t  h  iophosph.it  o  I  ip.nuls  bidentati*. 

Iheie  is  sliphtlv  distorted  ictr.ihedral  peomet  rv  .it  tin  with  the  .inples 
to  the  phenvl  carbons  Ivinp  in  he  r.inpe  1  10.  :ti(.l  '>>- 1 H.  U  U -1^'  .md  the  .inplcs  involvinp 
the  direct  Iv  bonded  sultur  in  the  r.inpe  100.09(;9)-114.47,‘))' .  Convent  ion.i  1  isov.ilent 
hybridisation  .irpuraents  would  lead  to  the  expect.it  ion  that  the  anples  involvinp 
the  more  elect  ronep.it  ive  ch.i  Icopen  ide  would  close  relative  to  those  involvinp 
only  carbon  and  tin,  but  only  the  'C  (  D-Sn-.S  1 1  n- 100. ' ''  i-*^  lou’.ui  to  do  so, 
while  the  phenyl-tin  anples  are  all  approximately  tetrahedral. 

The  phosplu’tus  .itom  sits  in  .i  rouphlv  tetr.ihedr.il  environment  .imonp 
two  oxypen  .ind  two  sulfur  .itoms  fone  doub  ly-bondoiO  with  anples  ranpiup  from 

^  f expectevl  from  isoval^U  hvbridis.it  ion  arpur.u'nts,  in  this  c.i,- 
the  anples  involvinp  the  more  e  lect  ronep.it  ive  oxvpen  are  smaller:  rO-1-0  i  101 .  OC  t,14  V'v 
XO-l’-S  (10.1.  P.b(l  I )®,  10S.24(10lV"i  which  are  in  turn  snviller  than  those  involvinp 

C 

the  terminal,  double  bonded  sulfur  .itom  where  bv  contr.ist  Z  S-l'-S  |  1 1  C ,  ft'^  1 '  l'  ''“0 
(114.  SdClO)",  llb.SOfll  V’ 1 

It  is  s.ild  that  the  phosphorus  to  sulfur  tnternucle.ir  dist.inces  pener.illv  .ire 
sensitive  to  the  environment  of  ••^nHnr  atom —  the  more  tiphtly  bound  to  a  piven 
metal  the  sulfur  atom  Is,  then  the  lonpcr  the  I'-S  distance.  All  the  dithiophosph.ite 


derivatives  whose  structures  are  known  are  chelated,  and  contain  .inisob idendat e 
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Tho  shorl*^’  P  to  S  Jistun^'os  in  th»*so  compounds  lie  in  the  rnn^c  of 
witli  the  P-S  distances  1 .  .  l^A.  ^  Dur  non-coord  inat  ed  1*"S 

o 

dlstani'i'  Is  l.‘)3l(,l)A,  wlilcti  is  not  part  loo  I  ar  ly  sl>ort  cixnparod  with  other 

shorter  i’  to  S  dlstaiu'os  in  metal  complexes  or  witli  ttie  non-hoiuled  i’-S  distances 

^  I S  *  1  h 

in  the  metal-free  ci'inpounds  [  S  ,1’ (OC  i  V,  1  ,  (  1 . 90S.V)  or  Sfll  ,t-ll  ,S1’ iS  )tM  (.l.^MOA). 

*  17 

The  shorter  T  to  S  ilistanee  is  l,‘)2tA  In  h  i  s- (0,  (1* -d  im>‘ t  hv  Ki  i  t  h  iopln'sphat  o  1 1  e  1  lii- 
rliira(ll)  in  which  the  tellurium  atom  is  said  to  he  hound  in  a  monodentate  lasliii’ii 
In  a  recent  review,  hut  contvtins  int  ermoleeular  associatiiui  throvie.li  hrid>;ii\>t  sulfur- 

O 

tellurium  coord  inat  ii'u  at  1.  HA  to  lorm  t  wo-d  imens  iona  1  polymeric  lav»'rs  instead. 

O 

Our  longer  T-S  distance  of  J.0'iA(l)A  is,  on  the  other  hand,  not  particularly  long 
when  compared  with  the  range  of  other  longer  I’  to  S  distances  in  the  chelated 

"  IS 

metal  complexes,  or  with  the  bonded  T  to  S  distances  in  the  disulfur  dimer  (2.07JA) 

°  Ih 

or  the  cyclic  phosphorus  chloride  (2.051A)  quoted  above.  Tims,  nou-ut  i  1  i/.at  ion  ot 
the  P”S  bond  in  coordination  is  not  reflected  in  either  a  very  short  l’*S 
distance,  nor  In  a  very  long  I’-S  distance. 

Our  tin-sulfur  distance  is  2 .  .i3S  2('^')A,  Tliere  are  only  two  pentacoord  inat  ed 
tin  Sn-S  distances  to  choose  from  for  comparison.  I’he  heavily  distorted  trigonal 
bipyramid  formed  by  tlie  dlphenyltin  derivative  of  the  tridentate  anion  of 
2- (2-hydroxpheny  1  Ihenzot h i j.to  1  ine  in  tho  Schiff  base  form  (SAT)  contains  a 
covalent  tin-sulfur  bond  at  2.4dhA,  '  «ind  the  shorter  tin-sulfur  distance 
in  the  more  directly  relevant  N-d iet hy Idit h iocarbaraat ot r i phony  1 1 in,  which  is 

o  jg 

chelated,  is  at  2.449A.  More  relevant  still  are  the  structures  in  which 

the  tin  atom  is  four-coordinated.  A  group  of  four  structures  of 

variouslv  substituted  trlphenyltin  thlophenols  are  available  in  which 

,  o  3 

tin-sulfur  distances  lie  in  the  range  2 .  1-2 . s*A.  and  the  cyclic  trlmer  of 

"20 

dlphenyltin  sulfide  contains  a  mean  tin-sulfur  distance  of  2.42A.  Thus  it 
appears  that  there  is  little  to  separate  the  four-  and  f ive-coordinat ed  tin- 
sulfur  internuclear  distances,  and  that  our  value  could  be  ascribed  to  either 
situation  based  upon  tlie  currently  available  data. 

The  crystal  structure  of  the  related  compound,  bls(0,0'-diethyldithlophospha- 


to)dlphenylt In(lV)  is  octahedral  with  chelating,  anisobldentate  dlthlophosphate 


ester  ligands  in  which  two  of  the  tin-sulfur  distances  are  2,48,  2.49  and  the  other 

O 

two  are  3.20,  3.23A.  The  diphenyltin  system  exhibits  a  C-Sn-C  angle  of  135°  about  the 

21 

six-coordinated  tin  atom,  witl>  tlie  four  sulfur  atoms  in  an  equatorial  plane. 

The  structure  of  the  corresponding  bis-(0,0'-diethyldlthiophosphate)lead (II )  is  like¬ 
wise  monomeric  and  chelated  in  an  isobidentate  fashion  with  the  lead  (II)  atom  in 

2') 

a  pseudo-i)entacoordinated  geometry.  “  Other  related  structures  include  the  bis- 

(0, O' -dimethy Idi t Ii iophosphat e ) t el lur ium(1 1)^^  and  bis-(0,0'-dii sopropy Idi thio- 

2  3 

phosphato)z inc (1 1 )  and  cadniium(Il) ,  all  of  which  are  also  chelated  in  an  aniso- 
bidentate  fashion. 

It  is  interesting  to  note  that  the  structure  of  b is- (0 , O' -di isopropy 1- 

dithiophosphato)lead (1 1 )  involves  anisobidentate  ciielation  from  two  dithio- 

phosphate  ester  ligands  which  lie  in  a  plane  containing  the  lead(TI)  lone  pair 

along  with  short  ont-of-plane  interactions  with  neighboring  sulfur  atom-',  to 

0  / 

create  a  pentagonal  bipyraraidal  geometry  about  the  lead  atom.  This  polymeric 

structure  contrasts  with  that  of  the  0,0'-diethyldithiophosphato  derivative 

n') 

which  is  monomeric.  In  the  case  of  the  diisopropyl  ester  derivative  in  the 
triphenyltin  series,  the  slope  of  the  plot  of  the  tin-119m  Mdssbauer  resonance 
area  vs.  temperature  (-1.40x10  “K  )  is  identical  within  experimental  error 
to  that  of  the  diethyl  est.*r.  The  IS  (=1. 28+0. 02°”’’/ s) 
and  QS  (=2.n3+0,03™”/s)  are  also  within  experimental 

error.  In  addition,  the  treatment  of  the  low-energy,  lattice-mode  Raman  data 

in  the  effective  vibrating  mass  model  yields  a  monomeric  result.^  We  arc 

forced  to  conclude  that  in  our  series  these  two  esters  are  isostructural. 

In  the  2inc(II)  series,  on  the  other  hand,  the  diethyl  ester  is  a  polymer  held  by 

bridging  dithiophosphate  moieties,  while  the  dlisoDronyl  derivative,  contains  dimeric 
25 

units. 

The  triphenyltin  moiety  alone  is  not  responsible  for  imposing  the  monoden- 
tate  nature  upon  the  dithiophosphate  ligand,  since  three  triphenyltin  deri¬ 
vatives  containing  chelated  structures  have  now  been  established  bv  X-rav 


10 


26 

crystallography;  the  1, 3-diphenylpropanedione-l , 3,  the  N-benzoyl-N- 

27  19 

phenylhydroxylamlne  and  the  diethyldithiocarbamate.  In  the  latter,  the  two 
sulfur  atoms  make  an  acute  angle  (62.8°)  at  tin  with  very  unequal  (2,449  and  3.118a) 
distances.  The  C-Sn-C  angles  lie  in  the  range  104.2-106,6°  in  the  distorted 
trigonal  bipyramid  which  contains  one  axial-sulfur  atom  and  one  axial-phenyl  ring. 
Only  in  tetrakis-(N-diethyldithiocarbamato) tin(IV)  is  there  found  two  monodentate 
dithiocarbamate  groups  giving  rise  to  a  distorted  trans-octahedral  geometry  about 
the  tin  atom.  Other  triphenylt in  structures ' contain  bridging  ligands  that  give 


rise  to  infinite,  zig-zag  chains  such  as  those  found  in  the  triphenyl  tin 

29  30  31  32 

4-thiopyridone,  (C^H^)^SnSC^H^N-4,  *  isocyanate  and  hydroxide.  However,  the 

33  34 

recently  published  trlphenyltin  bromide  is,  like  the  corresponding  chloride. 


monomeric. 


11 
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Figure  Captions 

Figure  1.  The  asymmetric  unit  of  0,0'-dlethyldithloplJospliatotriphenyltin(lV) . 
showing  atomic  labelling. 

Figure  2.  The  contents  of  adjacent  unit  cells,  showing  molecular  packing. 
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formula  C22H25‘^')PS2^" 
fw  •=  ‘,77.  25 
a  »  12.647(7)A 
b  =  g.PblO)/^ 
c  -  9.A37(3)A 
a  -  98.  59(3)'’ 
e  •=  91.51(4)“ 
y  »  96.12(4)“ 

V  =  1173a3 


Table  I. 

Crystal  Data 

1 

Space  Group  PI 
*  =  2 

F(OOO)  -  540  I 

p(Mo-K  )  -  13.49cm"^ 

a 

T  -  138±2K 
^calcd  “  ^-^^8 

no.  of  Independent  reflections  *=  483S 
max  20  =  53“ 

radiation  Mo  K-(0.7121A)  for 

Intensity  data  * 

“  1 

Mo  (0.70926A)  for  cell  j 

1  parameters  ! 

( 

A 

1 


Table  11. 


Final  Fractional 

At('mtc  Coordinates 

and  Isotrepli 

Temperature 

Factors  fo' 

Hydro^tt'n  Atoms  In 

(C  JI^).jSnSl>(OC,H^) 

^  (F.stlmatod 

Standard  Deviations  In  1 

ATOM 

X 

y 

z 

B(A-) 

H(2) 

0.613(3) 

0.271(4) 

-0.049(4) 

1.9(8) 

H(:i) 

0.787(4) 

0.328(6) 

-0.003(6) 

5.3(13) 

H(4) 

0.859(4) 

0.400(5) 

0.220(5) 

3.1  .10) 

HC)) 

0.757(4) 

0.409(5) 

0.423(5) 

3.3(10) 

H(6) 

0.574(3) 

0.348(5) 

0.379(5) 

2.6(9) 

H(8) 

0.199(3) 

0.040(4) 

0.171  (4) 

1.9(8) 

H(9) 

0.160(3) 

-0.160(4) 

0.277(5) 

2.4(9) 

H(iO) 

0,288(4) 

-0.252(5) 

0.377(5) 

2.8(9) 

H(ll) 

0.464(3) 

-0.151(4) 

0.402(5) 

2.6(9) 

H(12) 

0.499(4) 

0.047(5) 

0.310(5) 

2.9(10) 

H(14) 

0.380(4) 

0.391(5) 

-0.144(5) 

3.2(10) 

H(15) 

0.338(4) 

0.327(5) 

-0.391 (5) 

3.8(11) 

H(16) 

0.272(4) 

0.105(5) 

-0.480  (5) 

3.1(10) 

H(17) 

0.254(4) 

-0,054(5) 

-0.335(5) 

3.1(10) 

H(18) 

0.304(3) 

-0.012(4) 

-0,088(5) 

2.6(9) 

8(19) 

0.163(3) 

0.357(5) 

-0,055(5) 

3,1(10) 

H(20) 

0.055(4) 

0.379(5) 

0.008(5) 

2.P(9) 

H<21) 

0.107(3) 

0.266(5) 

0.558(5) 

2.7(‘l) 

H(22) 

0.045(4) 

0.376(5) 

0.475(5) 

3.4(10) 

TaMo  III. 


S 

Final  Kraotlonal  Atonili*  C'lvu'iH  nat  I's  ol'  NtMi-Hviiriuvn  Atoms  In  ^Snsl^iH' ,H,  1 

(Kstlmati'il  Staiuiat'ii  Ooviat  Iimi?:  i_n  ra_ii’ntlu'sosl 


ATOM 

_ X  _ 

V 

7. 

Sn 

0.40  10 1(2) 

0.24001(21 

0.13010(21 

F 

0,1734S(7) 

0. 30080(01 

0.2SS01 (01 

S(l) 

0. 31210(7) 

0.4S1  17(0) 

0.2  loo 7(1 01 

S(2) 

0.080o4(7) 

0.S4  114(10) 

0.27800(111 

0(1) 

0. 13S4(2) 

0.2747(21 

0.1228(21 

0(2) 

0.1722(21 

0.  3044 (  11 

0.  3820 (  11 

C(l) 

0. Soy8(3) 

0.  3020 (  11 

0. 1 000(41 

0(2) 

0.0  102 (  1) 

0.2081 (41 

0.04Oo(41 

0(3) 

0.74S4(3) 

0.  llol (41 

0.0723(41 

0(4) 

0. 7802(3) 

0.  3700(41 

0.2008 (SI 

0(.S) 

0. 7242(3) 

0.3v843(41 

0.  32SO(.i> 

0(0) 

0.01 M (3) 

0.3472(41 

0.  1040(41 

0(7) 

0. 3S70(3) 

0.0o7o(  11 

0.2  10S(  11 

0(8) 

0.?''>3‘S(  1) 

0.0027(41 

O.2107(.*l 

0(0) 

0.2204(3) 

-0. 1170(41 

0.2778(41 

0  ( 1  0) 

0.  100  3(3) 

-0.1734(41 

0.  14o8(sl 

0(11) 

0.4120(31 

-0.1004(41 

0.3S7o(4l 

0(12) 

0.4301  (.31 

0.010S(4) 

0.. 101 0(41 

0(1  1) 

0.3SS4(3) 

0.1074(41 

-0.0Ol4(  11 

0(14) 

0. 3013(11 

0. 200  1(41 

-0.1810(41 

0(lS) 

0.320S(  11 

0.2021(41 

-0.  12o4(41 

0(16) 

0.2017(31 

0.1284(41 

-0.  181S(41 

0(17) 

0.28S1(31 

0.0288(41 

-0.2011(41 

0(18) 

0.  1174(31 

0.0028(41 

-0. 1480(41 

Cd**) 


0. 100 u 4 > 


“  •  0  1  »*  s  ^  *4  ^ 


AWM 

- JL _ 

V 

s 

C(20) 

0.tU‘J‘)U) 

0. 178S(4> 

-0.  lOlsis^ 

CUM) 

n 

o.:siS(S) 

i' .  ■«  (>  s  u  > 

C(22) 

0.00 

0.  ^^0H^> 

0, 

TaMo  IV. 

FlrK»l^_Anlsotri>pU'  Tho rm.i  1  .imo  t  o t\ir  Non-llvii  ro^on 

Atoms  111  ^SnS  ,  (Kst  inuit oil  St.uularil  lVvi.it  ions  lu  Parentheses) 


ATOM 

mji 

uiyj 

ilLH] 

i'lnj 

mn 

Sn 

178(1) 

210(1) 

144(1) 

0(1) 

13(1) 

28(1) 

P 

187(4) 

213(4) 

183(4) 

23(3) 

11(3) 

21(3) 

S(l) 

20b(4) 

210(4) 

201(4) 

2(3) 

43(3) 

-11(3) 

S(2) 

223(4) 

242(4) 

38'1(5) 

47(3) 

37(4) 

24(4) 

0(1) 

203(1  5) 

21 1(12) 

203(1 1) 

7(10) 

-20(0) 

30(0) 

0(2) 

240(12) 

338(14) 

200(11) 

34(10) 

38(0) 

71(10) 

C(l) 

204(13) 

203(17) 

200 (lo) 

13(12) 

18(12) 

30(12) 

C(2) 

278(18) 

283(18) 

220(17) 

-3(14) 

23(14) 

24(14) 

C(3) 

283(18) 

332(21) 

380(22) 

5(18) 

117(18) 

38(18) 

C(4) 

213(18) 

330(21) 

483(24) 

-30(13) 

-37(18) 

111(18) 

CO) 

333(20) 

347(21) 

310(20) 

-30(10) 

-08(18) 

80 (lo) 

C(6) 

207(18) 

330(20) 

203(17) 

-33(13) 

1(14) 

83(14) 

C(7) 

220(1  (’) 

107(18) 

133(13) 

38(12) 

11(12) 

18(12) 

C(li) 

241(17) 

227(17) 

200(18) 

27(13) 

-0(13) 

37(12) 

0(0) 

234(18) 

280(18) 

240(17) 

-27(14) 

7(14) 

44(14) 

C(10) 

337(10) 

223(17) 

210(17) 

23(14) 

14(14) 

43(13) 

C(ll) 

203(18) 

271(18) 

217(17) 

83(14) 

-27(14) 

30(13) 

C  ( 1 2 ) 

208(18) 

270(18) 

217(18) 

13(13) 

10(13) 

1(13) 

t:(M) 

212(18) 

284(17) 

133(13) 

42(13) 

^(12) 

23(12) 

C(14) 

373(20) 

243(18) 

210(17) 

80(13) 

17(14) 

32(13) 

C(15) 

443(22) 

380(22) 

214(18) 

124(17) 

23(18) 

82(13) 

C(l<>) 

330(20) 

457(24) 

173(17) 

122(17) 

-10(14) 

-10(13) 

C(17) 

287(18) 

323(20) 

241(18) 

38(13) 

-8(14) 

-40(14) 

C(18) 

233(17) 

272(18) 

218(18) 

48(14) 

24(13) 

31(13) 

G(19) 

301  (18) 

378(21) 

211(17) 

80(18) 

-30(14) 

80(13) 

C(20) 

388(23) 

332(28) 

333(23) 

73(20) 

-140(18) 

-83(10'! 

C(21) 

317(20) 

480(23) 

288(10) 

113(18) 

131(18)' 

Is3( I  7) 

C(22) 

431(27) 

(♦28(34) 

300(32) 

-140(24) 

128(23) 

171(28) 

are  of  the  form: 

10"*loxp  - 

27i‘(h“U^^a*' 

♦  * 

■f  2klU.,3b*c*  +  :hlUjyi*c*)l 


TaMi'  V 


O 

Fiiuil  1  i\t  r.iin^K't'ii  1  .ir  Boiul  nitit.nu'OB  {Jk'>  aiui  Anglos  1  ii 

*> 

(C,  (OC,  11,  1  ,  (Kst  i  mail'll  Staiuiarii  Poviations  In  ran'iulu'si's) 

O  >  »  -  > 


A.  Oistancos 


Sn-S  (1 ) 

2.4')82('n 

C'(8)-H(8) 

0.90(4) 

Sn-C(l)-C(23 

119.74(23) 

Sn-C  ( 1 ) 

2.  1291  n 

C(9)-H(i)) 

0.93(4) 

Sn-C(l)-C(0) 

121.47(233 

Sn-C(7) 

2. 127( 33 

C(10)-H(10' 

0.89(33 

C(2)-C(l)-C(03 

118. 79(323 

Sn-C ( 1 3) 

2. 131( 3) 

C(ll)-ll(in 

0.94 (43 

C(l)-C(2)-C(33 

120. 11(343 

C(12)-H(12) 

0.83(33 

C(2)-C(3)-C(43 

120.37(373 

C(3)-C(4)-C(33 

119.83(38) 

si-r 

2.0‘34(1) 

C(4)-C(3)-C(03 

120.27(373 

P-S(2) 

1.931(13 

C(14)-H(14) 

0.90(33 

C(5)-C(0)-C(13 

120.43(343 

P-O(l) 

1 .  .‘393(33 

C(13)-H(13) 

0.93(33 

P-0(2) 

1.  ‘381  (  33 

C(10)-11(10) 

0.94(33 

0(1)-C(1M) 

!.4M(43 

C(17)-H(17) 

0. 90(3) 

Sn-C(7)-C(8) 

122.88(243 

0(19)-IH20> 

1 . 307(03 

C(18)-1U183 

1.00(43 

Sn-C(7)-1 (23 

1  IS. 14(243 

0(2)-C(:’l) 

I  .  4o9 1  ■'  3 

C(8)-C(7)-C(123 

118. 79(31 3 

C(21)-0(22) 

1.311 (73 

C(7)-C(8)-C(9) 

120. 37(323 

C(l9)-ll(19) 

1.00(43 

C(8)-C(9)-C(103 

120.20(333 

C(19)-H(20) 

0. 93(3) 

C(9)-C(]0)-C(113 

119.89(343 

C(l)-C(2) 

1  .  .399(33 

C(10)-C(ll)-C(12) 

120. 39(343 

C(2)-C(3) 

1.  .3«3(S3 

C(ll)-C(12)-C(7) 

120.00(323 

C(3)-C(4) 

1.380(03 

C(21)-ll(21) 

0.98(3) 

C(4)-C(S) 

1 . 38S(o3 

C(22)-H(22) 

1.03(33 

C(3)-C((->) 

1. 3‘12  (o3 

Sn-C ( 13) -C (14) 

123. 14(283 

C(6)-C(l) 

1.403(33 

Sn-C(13)-C(18) 

118.17(283 

C(14)-C(13)-C(183 

1 18.09(323 

Anglos 

C(13)-C(14)-C(133 

120.88(383 

C(7)-C(8) 

1.391(33 

C(14)-C(13)-C(lo3 

119.78(373 

C(8)-C(9) 

1. 393(33 

C(15)-C(10)-C(173 

120.22(373 

C(9)-C(10) 

1 . 399(33 

S(l)-Sn-C(l) 

100.09(9) 

C(10)-C(17)-C(18) 

120.00(383 

C(10)-C(in 

1. 378(33 

8(1)-Sn-C(7) 

114.47(93 

C(17)-C(18)-C(13) 

120.. 10(333 

C(ll)-Ca23 

1. 387(33 

S(l)-Sn-C(133 

108. 77(9) 

C(12)-C(7) 

1.402(33 

C(l)-Sn-C(7) 

110.78(13) 

C(l)-Sn-C(13) 

113. 14(133 

C(7)-Sn-C(13) 

109.41(133 

C(1J)-C(14) 

1.394(33 

C(14)-C(1S) 

1. 392(33 

C(15)-C(1B) 

1.380(03 

Sn-S(l)-P 

103.80(4) 

C(16)-C(17) 

1 .  384 

S(l)-P-S(2) 

112.29(0) 

C(17)-r(18) 

1.390(33 

S(l)-P-0(1) 

108.24(10'' 

C(18)-C(13) 

1.397(33 

S(l)-P-0(2) 

103.03(11) 

S(2)-P-0(l) 

114.39(10) 

S(2)-P-0(2) 

113.89(11) 

C(2)-H(2) 

0.93(4) 

0(l)-P-0(2) 

101.02(14) 

C(3)-H(3) 

0.89(0) 

P-0(1)-C(19) 

121.13(22) 

C(4)-H(4> 

0.89(3) 

P-0(2)-C(21) 

121.84(243 

C(5)-HCi) 

0.99(3) 

0(l)-C(l9)-c(2 

03  100.97(313 

C(6)-H(6) 

0.89(4) 

0(2)-C(21)-C(2 

2)  111.33(333 

Table  VI 


Shortest  Neii-Bliul  ing  Qistances  (Al  (Kstimated  StaiuKir.l  llevlations  in  »^«rentheses ) 
1.  Int  ranioleciilar 


Sn-O(l) 

3.444(3) 

Sn-0(2) 

3.867(3) 

Sn-P 

3.5596(9) 

Sn-S(2) 

5. 326 

